The past decade has seen the development of various scenarios describing long-term patterns of future Greenhouse Gas (GHG) emissions, with each new approach adding insights to our understanding of the changing dynamics of energy consumption and aggregate future energy trends. With the recent growing focus on China's energy use and emission mitigation potential, a range of Chinese outlook models have been developed across different institutions including in China's Energy Research Institute's 2050 China Energy and CO2 Emissions Report, McKinsey & Co's China's Green Revolution report, the UK Sussex Energy Group and Tyndall Centre's China's Energy Transition report, and the China-specific section of the IEA World Energy Outlook 2009. At the same time, the China Energy Group at Lawrence Berkeley National Laboratory (LBNL) has developed a bottom-up, end-use energy model for China with scenario analysis of energy and emission pathways out to 2050.
ii In terms of major scenarios generated by the models, all studies except the Tyndall report had at least one baseline or reference scenario and an alternative mitigation scenario. The Tyndall scenarios differ most significantly in that there is no baseline or reference scenario but rather four scenarios to assess two methods of allocating China's cumulative CO2 emissions given the global cumulative emissions limit of 490 GtC by 2100 needed to stabilize CO 2 concentration at 450 ppm and different storylines on changes in the economy, technology, governance and society.
The McKinsey and LBNL studies are similar in the underlying storylines for its baseline and alternative scenarios in that the baseline scenario is not a business-as-usual scenario but rather represents continued development with a focus on energy efficiency and carbon abatement. LBNL's Continued Improvement scenario (CIS) reflects this by assuming the current and planned portfolio of efficiency and abatement programs and policies and technology deployment continue and that sizable efficiency improvements occur across all sectors. In contrast, both ERI and IEA had reference scenarios that followed "business-as-usual" pathways of development with no new initiatives, policies or technologies beyond what is already currently in place.
The alternative scenarios also vary in the extent to which carbon capture and sequestration (CCS) technology is adopted as a mitigation measure, ranging from no utilization before 2050 under LBNL's Accelerated Improvement scenario (AIS) and ERI's Low Carbon scenario to ranges of 5% to 30% power capacity by 2030 and a high of 90% power capacity by 2050.
Aggregate Energy and CO 2 Emissions Outlook
Despite differing assumptions and modeling methodologies, there was general clustering in total energy consumption of different sets of scenarios in the five studies reviewed, with the only exception being the Tyndall study, where all scenarios had significantly lower total primary energy use because of the specified 2050 carbon budget.
The notable difference between LBNL's scenarios and others is the shape of the curves. LBNL's projected energy consumption increases at approximately the same rate as other models except Tyndall through 2030, but diverge after 2030 with a slow down or plateau whereas others still exhibit extrapolation of growth all the way out to 2050. This also results in the lower projected primary energy consumption in 2050 under LBNL's scenarios.
The difference is mostly because CIS was modeled from a highly disaggregated end-use level for the major sectors using physical drivers, and assumes a number of saturation effects will take place for drivers including the slowdown of urbanization, low population growth, change in exports to high value added products, and saturation of most appliances, floor area per resident and per employee, and infrastructure construction.
Another difference observed is the impact of the use of CCS. Most of the alternative scenarios examined have relied on the CCS application to bring down emissions. However, the LBNL CIS with CCS scenario demonstrates that all else equal, there would be a net increase in primary energy demand on the order iii of 36 million tonnes of coal equivalent (Mtce) more by 2050 due to CCS energy requirements for pumping, separation and sequestration.
For the alternative pathway, primary energy use results under AIS were also within the range of IEA 450 and ERI's Low Carbon and Accelerated Low Carbon scenarios. Despite the very aggressive (e.g., current world best practice by 2020s) efficiency improvements and technology deployments assumed under LBNL AIS, its total energy demand is still slightly higher than the ERI and IEA low carbon scenarios. Moreover, Tyndall scenarios 1, 3 and 4 stand out as the only scenarios with total primary energy demand peaking before 2050 as a result of the total carbon budget limits.
In terms of total CO 2 emissions, there is a much greater range in scenario results amongst the five different studies . Comparisons with the Tyndall scenarios are difficult due to its divergent back casting approach and lack of specific data points for a representative time series. Similarly, comparisons with the McKinsey baseline scenario is also difficult because of their inclusion of other greenhouse gases expressed in CO 2 -equivalent terms. Their study projected total greenhouse gas emissions at 16 billion tonnes of CO 2 e by 2030, compared to the clustering around 11.7 billion tonnes of CO 2 in the f LBNL, ERI and IEA baseline scenarios in 2030. If assuming that non-CO 2 greenhouse gases continue to account for approximately 30% of China's total greenhouse gas emissions, a rough estimate of McKinsey's baseline CO 2 emissions (excluding non-CO 2 GHG) at 11.1 billion tonnes puts it much closer to the other baseline scenarios.
Figure ES-1. Comparison of Total CO 2 Emissions in Different Scenarios
Because LBNL AIS scenario does not assume CCS deployment prior to 2050, while other studies relied heavily on CCS for carbon reduction, AIS still had the highest total carbon emissions at 9680 million tonnes of CO 2 in 2030 compared to ~8000 million tonnes under the two ERI's abatement scenarios and 7100 million tonnes under IEA 450 despite aggressive decarbonization. At the same time, LBNL's CIS By 2050, however, the comparison between LBNL AIS scenario with other models demonstrates that efficiency improvements alone (e.g., current world best practice by 2020s) could achieve sizable emission reductions that would be much bigger than adopting CCS.
Of all the carbon outlooks in the scenarios examined, most forecast China's CO 2 emissions peaking in the 2030s. The key exceptions include the ERI low carbon scenario, which does not observe a CO 2 emissions peak before 2050, and Tyndall scenario 1 and 3, which observe much earlier emissions peak in 2020.
Macroeconomic Drivers
Although the methodologies and scenarios differ, most of the reviewed studies used generally accepted macroeconomic drivers and projections for China. However, some variations could be observed in the assumptions of GDP growth rate. LBNL assumed comparable but slightly lower GDP annual average growth rates (AAGR) after 2010 than CEACER and McKinsey. The Tyndall study, however, used a much lower GDP AAGR of 4.3% from 2015 to 2030 while the WEO 2009 AAGR of 6.1% from 2006 to 2030 is also on the low side compared to CEACER and McKinsey. Although the differences do not appear large, the compounded effect of annual economic growth actually result in more substantial divergences in economic activity related directly to GDP, such as industrial production and car ownership rates.
Industrial Sector
LBNL's assumptions on industrial production output differ from most of the other economic driverbased models. For instance, ERI's industrial output projections are based largely on IPAC-CGE, a topdown computable general equilibrium model, whereas LBNL's industrial output projections are based on physical activity drivers from a bottom-up model. As a result, the growth trends and magnitude of major industrial output of iron and steel, cement, and aluminum are significantly different from 2030 to 2050 between the two studies. LBNL assumes these industrial outputs are close to plateau in 2010 as the construction of building and infrastructure begin to slow down with per capita floor area and length of roads and railways nearing saturation over the course of the following decade. Besides different underlying drivers for production output and technology trends, total energy consumption and carbon emissions also differ amongst the five studies as a result of the scope of subsectors considered and CO 2 abatement measures. McKinsey and ERI both had higher abatement potential for the industrial sector can be traced back to expectations of much greater roles for CCS, byproduct and waste recovery measures and other emerging technologies in the industrial sector.
McKinsey counts on carbon capture and sequestration in the cement, steel and chemical industries for a total abatement potential of 210 Mt CO 2 . For the cement sector, it implies as much as four times higher abatement potential than that of LBNL's study.
Transport Sector
CIS and AIS scenarios have lower implied car ownership as well as total fleet of Light Duty Vehicles than other studies, mostly attributable to the slower GDP growth assumption used to derive income per capita which was in turn used as a function to project total car stock in LBNL's study. In contrast, McKinsey had the highest car ownership rate in 2030, at 91.1% of households, compared with 33.8% in CIS and 68.6% in AIS respectively under LBNL's assumptions, and 54.1% and 64.8% respectively under ERI's baseline and Low Carbon and Accelerated Low Carbon scenarios.
In terms of fuel economy, both LBNL and McKinsey studies assumed similar fuel economy levels for gasoline and diesel cars.
McKinsey abatement scenario had much higher reduction potential from switching to electric vehicles and efficiency improvements than LBNL's study. The assumed penetration of EVs reaches 91% market share by 2030 as opposed to 25% share under LBNL's AIS. Another difference in reduction potential is largely a result of the different baseline assumptions, for which McKinsey had much higher gasoline demand of 250 Mtoe in 2030 in the baseline, compared with 164 Mtoe in LBNL's baseline scenarios (CIS).
In terms of transport energy demand by mode, LBNL's model agrees with Tyndall model on 2050 shares for water and air transport, but Tyndall has much higher shares of transport energy consumption from railways in the range of 15% to 23% than either CIS or AIS at 5% and 6%, respectively. In addition, road transport in all four Tyndall scenarios has much smaller shares of transport energy demand than CIS and AIS.
Power Sector
A major difference in the power sector scenario analysis between the different studies is regarding CCS diffusion and utilization. The assumptions on total power generation capacity, fuel mix and output of scenarios are to some extent similar among the models. The relative fuel shares of installed generation capacity under the two LBNL scenarios are particularly similar to the ERI baseline and low carbon scenarios, with the exception of natural gas and wind generation capacity shares. It is clear that a robust and credible energy and emission model will play a key role in assessing policy impacts and energy saving and emission reduction potential. This is especially true for developing countries such as China, where uncertainties are greater while the economy continues to undergo rapid growth and industrialization. A slightly different assumption or storyline could result in significant discrepancies among different model results. Therefore it is necessary to understand the key models in terms of their scope, methodologies, key driver assumptions and the associated findings. A comparative analysis of LBNL's energy end-use model scenarios with other recent studies was thus conducted to examine similarities and divergences in key drivers and results. These studies also all included sectoral analysis as well as aggregate macroeconomic analysis. Where data was available and comparable, the LBNL study was compared with these other four studies in terms of methodologies, scenario storylines, macroeconomic drivers and assumptions as well as aggregate energy and emission scenario results. The fastest growing sectors of industry, transport and power were also selected for in-depth analysis of sector-specific assumptions and results.
Comparison of Modeling Methodologies, Scenarios, and Drivers

Methodology and Scenarios
Although the modeling studies reviewed all present detailed energy and carbon outlooks for China to 2030 or later, they differ in their modeling methodology and scenarios analyzed. An overview of each study's methodological approach and model structure is presented here to identify major similarities and differences that may ultimately affect the comparability of the results (Table 1) .
Table 1 Overview of Model Methodologies and Scenarios in Different Studies
As seen in In terms of major scenarios generated by the models, all studies except the Tyndall report had at least one baseline or reference scenario and an alternative mitigation scenario. The CEACER study by ERI had two alternative scenarios to distinguish between the paces of abatement and policy action. The Tyndall scenarios differ most significantly in that there is no baseline or reference scenario but rather four scenarios to assess two methods of allocating China's cumulative CO 2 emissions given the global cumulative emissions limit of 490 GtC by 2100 needed to stabilize CO 2 concentration at 450 ppm and different storylines on changes in the economy, technology, governance and society. The specific assumptions of the four scenarios are presented below, with the major differences being the assumed nature of technical innovation and society's preference for equity and efficiency. For example, scenarios 1 and 2 assumes that innovation enables rapid and successful restructuring with a pronounced shift away from heavy and conventional industries toward value-added manufacturing and service based economy while this is less successful in scenarios 3 and 4. The McKinsey and LBNL studies are similar in the underlying storylines for its baseline and alternative scenarios in that the baseline scenario is not a business-as-usual scenario but rather represents continued development with a focus on energy efficiency and carbon abatement. LBNL's CIS scenario reflects this by assuming the current and planned portfolio of efficiency and abatement programs and policies and technology deployment continue and that sizable efficiency improvements occur across all sectors. Similarly, McKinsey's baseline scenario also assumes sustainable technology development across major industries, buildings, transport, power and agriculture sectors with the absorption of mature, proven technologies (Figure 1) . In both cases, following the "baseline" pathway of development requires continued government policy support and technological development. In contrast, both ERI and IEA had reference scenarios that followed "business-as-usual" pathways of development with no new initiatives, policies or technologies beyond what is already currently in place. The alternative scenarios also vary in the extent to which CCS technology is adopted as a mitigation measure, ranging from no utilization before 2050 under LBNL's AIS scenario and ERI's Low Carbon scenario to ranges of 5% to 30% power capacity by 2030 and a high of 90% power capacity by 2050.
1 In light of these methodological and scenario differences among the five studies, an in-depth analysis of 1 See Table 14 for each scenario's specific CCS assumptions.
5 key macroeconomic drivers and selected sector-specific drivers is conducted to examine the comparability and implications of each model's energy and carbon emissions outlook for China.
Macroeconomic Drivers
Although the methodologies and scenarios differ, most of the reviewed studies used generally accepted macroeconomic drivers and projections for China. Specifically, a closer examination of two macroeconomic drivers, population growth and urbanization, used in the other four studies reaffirms the values used in LBNL's model. Specifically, LBNL's population and urbanization rates for 2020 through 2050 are all within the range of CEACER, McKinsey, WEO and Tyndall Centre's assumptions. As seen in 
Table 3 Macroeconomic Drivers in Different Studies
A closely related driver to population and urbanization is the growth of residential buildings as measured by new construction area. Residential construction in turn is determined by per capita floorspace and building lifetime. As seen in Figure 2 , there is a clustering of rural living area assumptions between ERI and LBNL, although LBNL assumes continued growth in rural living area after 2030 while ERI assumes it plateaus after 2030. Moreover, there is also a wider range of values for urban living area. ERI assumes a lower per capita urban living area than LBNL, while McKinsey assumes a slightly higher per capita urban living area in 2030. In terms of growth trends, LBNL and ERI assumed similar growth rates in urban living area between the mid-2010s through 2030, but LBNL has higher growth rates prior to the mid-2010s and after 2030. 
LBNL
Figure 2 Comparison of Residential Living Space and Household Sizes
Consequently, the CEACER study has the lowest stock of total residential building floor area as well as the lowest urban residential building floor area, while McKinsey has the highest floor area assumptions in urban, rural and total residential buildings. In fact, McKinsey's total residential floor area in 2030 is 10 to 11 billion square meters higher than the value in both LBNL and CEACER studies, respectively. In terms of annual GDP growth, a key economic indicator and driver of energy demand, there are slight variations amongst the different studies (Table 5) 
Comparison of Aggregate Energy and CO 2 Emissions Outlook
Despite differing assumptions and modeling methodologies, there was general clustering in total energy consumption of different sets of scenarios in the five studies reviewed. The only exception was the scenarios in the Tyndall study, which all resulted in significantly lower total primary energy use because each of the four scenarios had to meet a specific 2050 carbon budget.
Figure 3 Comparison of Total Primary Energy Use in Different Scenarios
Note: ERI/CEACER numbers converted following IEA convention of using calorific value equivalent for primary electricity. The difference is mostly because CIS was modeled from a highly disaggregated end-use level for the major sectors and assumes a number of saturation effects will take place for drivers including the slowdown of urbanization, low population growth, change in exports to high value added products and frozen exports of energy-intensive products, and saturation of most appliances, floor area per resident and per employee, and infrastructure construction.
LBNL CIS/AIS
CEACER
Another difference observed is the impact of the use of CCS. Most of the alternative scenarios examined have relied on the CCS application to bring down emissions. However, the LBNL CIS-with-CCS scenario, in which CCS technology was added to a CIS pathway of development (to achieve 230 million tonnes CO 2 reduction by 2030, matching the WEO 2009 450 ppm scenario), demonstrates that all else equal, there would be a net increase in primary energy demand on the order of 36 Mtce more by 2050 due to CCS energy requirements for separation and sequestration.
For the alternative pathway, primary energy use results under AIS were also within the range of IEA 450 and CEACER Low Carbon and Accelerated Low Carbon scenarios. It is interesting to note that despite the very aggressive (e.g., current world best practice by 2020s) efficiency improvements and technology deployments assumed under AIS, its total energy demand still slightly higher than the CEACER and IEA low carbon scenarios. Moreover, Tyndall scenarios 1, 3 and 4 stand out as the only scenarios with total primary energy demand peaking before 2050 as a result of the total carbon budget limits. It is not clear where the McKinsey abatement scenario would fall in terms of total primary energy use as all results for that scenario were given only in CO 2 equivalent terms. 
Figure 4 Comparison of Total CO 2 Emissions in Different Scenarios
Comparing the LBNL AIS scenario, which does not assume CCS deployment prior to 2050, with the other abatement scenarios in terms of carbon reveal that the other studies relied heavily on CCS for carbon reduction as small differences in total primary energy demand under these scenarios translated into greater differences in CO 2 emissions. In spite of aggressive decarbonization, AIS still had the highest total carbon emissions at 9680 million tonnes of CO 2 in 2030 compared to ~8000 million tonnes under the two CEACER abatement scenarios and 7100 million tonnes under IEA 450. At the same time, LBNL's CIS with CCS scenario indicate that adding sufficient CCS technology to capture 500 Mt CO 2 by 2050 will result in a net reduction of 476 Mt CO 2 in 2050. By 2050, however, the AIS scenario is in line with the CEACER alternative scenarios as it falls within the range of the two CEACER scenarios even without CCS. This demonstrates that efficiency improvements alone (e.g., current world best practice by 2020s) could achieve sizable emission reductions that would be much bigger than adopting CCS at the scale assumed in the study. It is also interesting to note that while its baseline emissions were much higher in CO 2 equivalent terms, McKinsey's abatement scenario actually had one of the lowest total emissions by 2030 with comparable emissions to IEA 450 in CO 2 equivalent terms. In CO 2 only terms with the exclusion of non-CO 2 GHG emissions, the McKinsey abatement scenario's 2030 emission is the lowest at only 5000 Mt CO 2 . This suggests that the McKinsey abatement scenario relies heavily on CCS and other nontraditional mitigation technologies such as large-scale biomass co-firing to achieve its sizable abatement potential. Likewise, three out of four of the Tyndall scenarios are outliers in having significantly lower total CO 2 emissions in 2050. Of all the carbon outlooks in the scenarios examined, most forecast China's CO 2 emissions peaking in the 2030s. The key exceptions include the CEACER low carbon scenario, which does not observe a CO 2 emissions peak before 2050, and Tyndall scenario 1 and 3, which observe much earlier emissions peak in 2020.
Comparison of Industrial Sector Results
As industry is the largest consuming sector of China's economy, it was the main focus in all the studies reviewed. With regard to the production of key energy-intensive industrial products, CEACER and McKinsey both assumed much higher levels of cement and ammonia production than the LBNL study in 2020 and 2030 and lower levels of steel production (Table 8 ). Besides different rates of economic growth, these differences may reflect assumptions in CEACER and the McKinsey study that China's manufacturing use of steel (separate from its use in construction) will decline in the future compared to expanding use in the LBNL model which keeps total steel demand fairly high. Similarly, LBNL's ethylene demand projection was tied to assumptions on per-capita plastic consumption, resulting in a higher future demand than forecast by ERI. In general, because ERI's industrial output projections are based largely on IPAC-CGE, a top-down computable general equilibrium model, whereas LBNL's industrial output projections are based on physical activity drivers from bottom-up model, the growth trends and magnitude of major industrial output of iron and steel, cement, and aluminum differ significantly from 
Table 8 Comparison of Key Industrial Output Production Levels (Mt of product)
Besides differing production levels, the assumed energy intensity of production may also vary depending on the technological outlook for a given industrial subsector under different scenarios. For most key industrial products, LBNL's AIS scenario had the lowest energy intensity among various LBNL and ERI scenarios while the energy intensity in ERI's Low Carbon and Accelerated Low Carbon scenarios are comparable or within the range of LBNL's CIS scenario. However, ERI assumed notably higher energy intensities for ethylene and iron and steel production.
Table 9 Comparison of LBNL and ERI Energy Intensity of Key Industrial Products
The different energy intensities between ERI and LBNL results from different approaches to deriving the average energy intensity of production as well as differences in technology outlook. For example, for iron and steel production, the LBNL study assumes that China will reach the current international best practice by 2050 under CIS and accelerated to 2030 under AIS. By achieving international best practice energy intensity earlier under AIS, China accelerates its utilization of electric arc furnace (EAF) technology from current levels of 12% to 26% share by 2030 and 40% share by 2050; EAF uses scrap steel and requires less energy to produce steel. Despite its aggressive trajectory of achieving best practice by 2030, the LBNL AIS share of 40% EAF for steel production remains below US shares of 58% because China faces constraints in the availability of scrap steel. McKinsey also assumes technology shift in the iron and steel production between its frozen and baseline scenarios, with 30% EAF share by 2030, which is much higher than the 19% share in 2030 under LBNL's CIS. However, it is unclear how comparable McKinsey's energy intensity assumptions are to LBNL's assumptions as the technology outlook and mitigation is presented only in terms of carbon abatement potential. In addition, McKinsey also attributes additional CO 2 mitigation to increased utilization of blast furnace while it is encompassed in LBNL's overall average energy intensity. In its abatement scenario, McKinsey also considers the ERI's approach differs from both LBNL and McKinsey in that its overall average energy intensity of production is derived from 100% saturation of many advanced and more efficient technology options by 2050, rather than looking from a systems perspective of switching from more energy-intensive production using basic oxygen furnace (BOF) to EAF.
Table 10 Comparison of 2030 EAF Technology Shares in Steel Production
Baseline Scenario Alternative Scenario
Besides differences in industrial production and technology outlook, the total energy consumption and abatement potential presented in different studies also differ due to differing scope of subsectors analyzed and the mitigation options considered. ERI's CEACER study does not provide CO 2 emissions breakdown on the sectoral level, but its total final energy consumption for industry under the reference and low carbon scenarios are within 15% of LBNL results ( Figure 5 ). ERI's higher baseline energy but lower alternative scenario energy use implies higher abatement potential for the industrial sector, which is consistent with its broad expectations of achieving 100% saturation of advanced efficient technology. While LBNL study focuses primarily on efficiency improvements in industrial production as reflected by declining overall energy intensity, McKinsey attributes 75% of the 2030 industrial abatement potential to CCS, fuel switching and relocating production and by-product and waste recovery measures. In turn, McKinsey's total industrial CO 2 emissions of only 3230 Mt CO 2 equivalent under the abatement scenario is significantly lower than LBNL's, especially considering that non-carbon greenhouse gases are included in the McKinsey study but not the LBNL study (Figure 6 ). This further reveals that small differences in underlying assumptions, subsector coverage and technology outlook could result in big divergence of projected industrial energy and emissions among different modeling studies.
Figure 6 Comparison of Industrial CO2 Emissions Outlook by Scenarios
*Note: McKinsey emissions are presented in terms of CO 2 equivalent but it is unclear how significant non-CO 2 GHGs are in terms of total industrial emissions.
Comparison of Transport Sector Results
In understanding differences in scenario results for the transport sector, it is important to first acknowledge differences in methodology and key assumptions. The CIS and AIS scenarios have lower implied car ownership than both urban and rural ownership rates in the CEACER study because the total car stock is projected using a diffusion model based on income. As seen in Table 5 , LBNL assumed slightly lower annual GDP growth rates and thus have lower per capita income levels that translate into lower implied car ownership rates of 338 cars per 1000 households in 2030 and 686 cars per 1000 households in 2050, which is comparable to Korea's current levels but well below that of other industrialized countries. LBNL's urban-rural average car ownership rate is also lower than urban and rural ownership rates in the CEACER scenarios. Specifically, the CEACER study included different urban and rural car ownership rates for the baseline versus abatement scenarios, with the baseline urban ownership rates of 724 cars per 1000 households is about double that of rural ownership rates in 2030 In 2050, the CEACER rural car ownership rate is only slightly lower than the urban car ownership rate, 
Figure 7 Comparison of Private Passenger Car Ownership Rates
Partly attributable to lower implied car ownership rates, CIS and AIS also have a smaller fleet of light duty vehicles than the scenarios in other studies (Table 12) 
23-27% improvement
HDVs -4-10% improvement -
Figure 8 McKinsey and LBNL Transport Abatement Potential
In terms of transport energy demand by mode, CIS and AIS have similar 2050 shares for water and air transport as the Tyndall scenarios. However, Tyndall assumes much higher shares of transport energy consumption from railways in the range of 15% to 23% than either CIS or AIS at 5% and 6%, respectively ( Figure 10 ). In contrast, road transport in all four Tyndall scenarios -including S4 which assumes high private road transport -have much smaller shares of transport energy demand than CIS and AIS. 
Comparison of Power Sector Results
A major difference in the power sector scenario analysis between the different studies is each scenario's assumptions regarding carbon capture and sequestration (CCS) diffusion and utilization in the power sector. As discussed earlier, CCS was not included in either the CIS or AIS scenarios in LBNL's model. However, a CIS-with-CCS scenario was created to assess the potential impact of CCS, and used to compare with CCS scenarios in other models. It is evident that some models assume large scale of CCS penetration while others do not expect CCS to play any roles in the power sector through 2030 (Table  14) . The CIS-with-CCS scenario in LBNL's study is consistent and aligned with the IEA 450 scenario to 2030, with CCS expected to be installed and utilized for 4% of coal-fired capacity by 2030 and 7% by 2050. The CIS-with-CCS scenario further extends the IEA CCS deployment trend line out to 2050 by assuming sufficient CCS capacity to sequester 500 Mt CO 2 in 2050. Similarly, the ERI scenarios also do not expect CCS to play a major role in the power sector as CCS will only be installed to IGCC plants after 2030 under the most aggressive accelerated low carbon scenario and after 2050 for the low carbon scenario.
In contrast, the McKinsey abatement scenario assumes a much higher CCS utilization rate of 25% of coal-fired capacity by 2030 (as well as deployment in industry). The Tyndall study also assumes high CCS utilization rates after 2020 in most of their scenarios, including a high of 30% of coal-fired capacity in 2030 in S3. The Tyndall study further differentiates the pace of CCS deployment after 2030 depending on the policy basis for a given scenario's carbon budget, with a low of 33% of capacity by 2050 in S2 to a high of 80-90% In comparing the total power generation capacity and output of scenarios from different studies, CIS and AIS appear to be within the range of other scenarios (Figure 11 , Figure 12 , Figure 13 ). Although there is a range of values for the total 2030 and 2050 installed capacity, the CIS and AIS fuel mix of the installed capacity is similar to scenarios from the other studies. The relative fuel shares of installed generation capacity under the two LBNL scenarios are particularly similar to the CEACER baseline and low carbon scenarios, with the exception of natural gas and wind generation capacity shares. Generation output under AIS is slightly lower than other abatement scenarios, but this is most likely due to more aggressive and detailed assumptions about end-use efficiency improvements across residential and commercial sectors and subsequent electricity demand reduction. Moreover, despite having similar 21 installed capacity fuel mix assumptions as other studies, CIS and AIS have different composition of power fuel mix than other studies with generally lower hydropower generation and much higher nuclear generation under AIS in 2050. Compared to ERI's baseline scenario, CIS also has smaller coal generation while AIS has the lowest coal generation of all scenarios, suggesting more accelerated power sector decarbonization than other scenarios with power dispatch prioritizing renewable and non-fossil fuel in the LBNL model. 
Conclusions
The comparative analysis of LBNL's energy end-use model scenarios with other recent studies conducted highlighted important similarities and divergences in key drivers and results. The studies included in the comparative analysis are: the ERI CEACER Report, the China's Green Revolution report published by McKinsey & Company, the China's Energy Transition report published by the Sussex Energy Group and Tyndall Centre, and the China-specific section of the IEA WEO2009. Where data was available and comparable, the LBNL study was compared with these other four studies in terms of methodologies, scenario storylines, macroeconomic drivers and assumptions as well as aggregate energy and emission scenario results. The fastest growing sectors of industry, transport and power were also selected for indepth analysis of sector-specific assumptions and results.
The analysis found that all the studies identified large potentials for reducing carbon emissions in the period to 2030 or 2050, with the contributions to these reductions coming broadly from energy efficiency, power sector decarbonization (from non-fossil fuel generation), and from CCS. Given the technological uncertainty over CCS and the additional demands it places on primary energy production, 22 these results suggest taking an even closer look at the potential contributions from energy efficiency and power sector decarbonization, since these may have to shoulder the primary responsibility for emissions reductions.
The studies that looked to 2050 also projected a plateauing or decline in China's emissions after 2030, when China's population is expected to peak as well. Even in the most aggressive control scenarios, however, only the Tyndall study with its predetermined carbon budgets, and the ERI Accelerated Low Carbon scenario, found that CO 2 emissions by 2050 could return to their 2005 levels.
